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I. Introduction

During the contracting period for AFOSR—72—2169, fou r major lines

of research have been followed. Earl y in the period a si gnificant effort

was expended on measuring mo l ecular ve l ocity distribution functions in

shock waves. This work has been comp leted and the work pubi ished (Refs.

5 & 6). Ve ry significar .t results were obtained lead i ng to a quantitative

comparison of various computation methods and experiment.

Another research effort was in measuring the rotational transitions

excited in nitrogen - rare gas col 1 isions .-~ This work has been published

i n Refs. 2, 7, and 8. __—
~~~~~

~~~~~T~~~d research effort , which continues through to the present , is

the study of the interactions between an underexpanded gas p l ume and a

back ground gas.~~19Tis work is described in Refs. 1 , 3, 9, 10 and 11T~~A

f a i r l y comprehensive understanding of the rarefaction of the interaction

of exhaust p l umes with their env i ronment has resulted from this work.

A fourth research direction is the continuing study of the electron

beam f l o u rescence tech n i~ ue.~~ This work is described in Refs. 8, 12 and

13.~~ A l so , the extension of the technique to measure detailed properties

of h i gh vibrational temperature , low rotational temperature flows is~~he

subject of two ongoing Ph. 0. dissertations. This work has not yet )
CU) resulted in any si gnificant publications. It is~described in more det ail

in the main body of this final report.
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I I .  Rev i ew of Current I nvestigation That Has Yet to be Comp leted

The expansion of vibrationa lly hot carbon monoxide and nitrogen to

very low rotational temperatures , such as occurs in exhaust

p lu me expans ions , is of interest for exhaust p l ume radiation and in gas

dynamic lasers.

We have , over the past several years , extended the electron beam

fluorescence techn i que to the measurement of vibrationa l leve l , popu lation

distributions in nitrogen up to the 5th vibrational level. This study

has been done in the apparatus shown in Fig. 1. As illustrated in the

fi gure , a flow throug h gas discharge is used to ra i se the vibrational

“temperature” of the nitrogen. The gas subsequentl y expands throug h an

orifice into a large vacuum chamber.

The vibrational population distribution of the nitrogen has been

measured for various gas discharge conditions using the electron beam

fluorescence techni que. Initia ll y it was necessary to do an exhaustive

study of the measurement of vibrational population di str ibutions usin g

the fluorescence techni que . This work , p lus the use of the technique t~’

diagnose vibrationa ll y exc i ted gas flows , is the subject of Mr. David

Campbe l l ’ s Ph. 0. dissertation . I tis currentl y being written.

An examp le of the results that have obtained to date is shown in

Fi g. 2. Here, the population distribution in a nitrogen flow is

shown as a function of the gas discharge current. The measurements are

currently being extended to a mixture of nitrogen and carbon monox i de .

In addition to the vibrational level population distribution , the

rotational temperature is of interest. We have app lied the electron

beam fluorescence technique to the measurement of rotationa l temperatures

in carbon monoxide (it has already been developed to nitrogen). Rotational

temperature is important , particularly in gas dynamic laser app lications

where the inversions are generall y partial i nversions. This can be seen

from the calculated Inversion densities shown in Fig. 3. The calculation

indicate that a max i mum partial i nversion occur at quite low rotational

temperature (15 - 200 K) for carbon monoxide at typ ical vibration al

temperatures. Operation at very low rotational temperature permi ts one

to consider low vibr ational level las ing transition s for re la tivel y modest
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vibrational temperatures (e.g. Fig. 3). Rotational temperature

measurements in carbon monoxide is the subject of Mr. A. Powe ll ’ s Ph. 0.

dissertation.

II I .  Professional Activites and Publicatio ns

Publications associated with this grant are listed in the accompany ing

publ ications list.

The pr icipa l investi gator has , during the contracted period , parti-

cipated in consulting activities with : Grumman Aerospace , Aerospace

Corporation and L.T.V. on problems generally associated with the work

be ing done on this grant . The pr inci pal investi gator was also co-chairman

of the 10th International Sympos i um on Rarefied Gas Dynamics , held in

1976 at Snowmass , Colorado.
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12. “Density Measurement Using the Electron Beam Fluorescence Technique .”
Section in Methods of Experimental Physics-Fluid Mechanics , ed.
R .J. Em r ich , to be published , 1977.

13. “Temperature Measurement Using the Electron Beam Fluorescence Tech-
nique.” Section on Methods of Experimental Physics-Fluid Mechanics ,
ed. R .J. Emrich , to be published , 1 977.
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